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Abstract Percutaneous central arterial catheteriza-
tions were performed at the first radial-artery site in 492 
(92 per cent) of 536 insertion attempts in patients in an 
intensive-care unit. The high success rate was attrib-
uted to placement by skilled nurse technicians and use 
of a simplified catheter device. 
The mean duration of catheterization was 3.4 days 
(range, one to 25 days). With use of a continuous flush 
system , only five catheters became nonfunctional. Hy-
potension , use of vasoconstrictive agents and pro-
I N SERTION of indwelling arterial catheters has become a n indispensable practice in intensive-care 
units because it facilitates both monitoring of cardio-
vascu lar function and obtaining of frequent arterial-
blood samples. Evaluations of complications of a varie-
ty of ca theters and technics have been reported. '· 5 The 
most serious complication of arterial catheterization 
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longed catheterization were associated with complete 
arterial occlusion in three study patients who re-
quired thrombectomies. Partial occlusions, detected 
by Doppler ultrasonic flowmeter, occurred in 19.3 per 
cent. 
No local or systemic infections could be definitely re-
lated to arterial catheters. Results of 200 arterial cathe-
ter-tip cultures were positive in eight cases (4 per cent), 
but none of these were judged to be a primary source of 
clinical infection . (N Engl J Med 290:1227-1231 , 1974) 
is thrombosis, which occurs in 40 to 60 per cent of 
cases.L:l.f;., The rate of bacterial colonization of in-
dwelling arterial catheters and the risk of associated 
sepsis have not been reported except for umbilical-ar-
tery catheters in infants. " 
S ince 1967 we have performed more than 4000 per-
cutaneous radial-artery catheterizations in a large pri-
vate community hospital. The present study was un-
dertaken to determine the rate of successful percuta-
neous insertion of arterial catheters, the complication 
rates of thrombus formation and bacterial coloni za-
tion , as well as local and systemic infection, associated 
with arteria l catheters, and the long-term reliability of 
continuously flu shed arterial catheters. 
Reprinted from the New E ngland Journal o.f Medicine 
290:1227-1231 (May 30). 1974 
METHODS 
From August , 1972, to June, 1973, a prospective study of 536 con-
secutive central a rterial catheterizations performed on 53 1 patients 
was conducted in ·the cardiovascula r-thoracic and general-surgery 
intensive-care units a t La tter-day Saints H ospita l in Sa lt Lake City, 
U tah. During this study 96 per cent of the catheteri zations were per-
formed by a specially tra ined registered nurse w ith the a id of a tech-
nician. Catheterization was done as a convenience on the day before 
scheduled opera tions in 87 per cent of the cases . Emergency catheter 
place ment was done in the remaining 13 per cent . 
Technic of Arterial Catheterization 
Each pa tient was p rem edicated with meperidine hydrochloride 
(50 to 70 mg) . P atency of the radial and u lnar a rte ries was assessed 
by Allen 's test" or by Doppler ul trasonic flo wmeter (or both ). The 
unshaven wrist was hyperextended (Fig. I ) and a sma ll a rea over the 
radial a rtery was cleansed with an alcohol sponge. A small a rea on 
both sides of the radial artery was anes the tized with I per cent lido-
caine hydrochloride. The needle of the catheter sys tem was then in-
serted percutaneous ly into the radia l artery (without the use of ster-
ile d rapes or gloves) by assessm ent of the position of the need le and 
the a rtery with the fingers and observation of an oscilloscopic display 
of the a rteria l pressure. T he pressu re wave form was monitored while 
the catheter was being advanced. The tip of the catheter was placed 
in the subclavian artery by use of the protect ive conduit of the cathe-
Figure 1. Technic of Percutan eous Radial-Artery-Catheter In-
serti on with Use of a Specially Constructed Armboard . 
te r sys tem to measure distance of insert ion. Insert ion time - tha t is, 
time from skin puncture until the cathe ter tip was a t a centra l loca-
tion - was measured to the neares t minute. The need le over-riding 
the catheter was then withdrawn from the artery to a hub, where it 
was secured and covered with a plastic need le guard . An antibiotic 
oin tment (Neosporin ) from indi vidua l packe ts of0. 9 g ( I / 32 oz) was 
a pplied a t the point of a rteri a l entry , and an elastic pressure dress-
ing was a pplied to control b leeding. 
The catheter system (Sorenson CAP Intrafuser ) permits percuta -
neous inserti on of a 100-cm-long, I mm O.D ., T eflon catheter 
through an 18-gauge thin-\\·all need le . T he catheter is pre pared for 
monitoring by fillin g from a pressurized fl uid source th rough the 
flush system * (Fig. 2) . Physiologic saline w ith 4U of hepa rin per mil-
lil it er is pressurized to 300 mm H g in a n a ir-free p lastic bag. T he 
cont inuous flow of 2 to 3 ml per hour a llowed bv the flush system 
through the ca theter prevents clotting and consequent loss of ca the-
ter func tion. A rap id-flush Ya lve simplifies fillin g a nd flushing. the 
system and permits d ynamic response testi ng of the ca the ter-trans-
ducer system.'" The limited fl ow (2 to 3 m l per hour norm ally and 
only 5 ml per minu te maximum) reduces the risk of cereb ral emboli -
zation 11 and prevents acc idental overinfusion. 
*Sorenson lntraft ow. Sorenson Resea rch Co .. 4387 Atherton Dr.. Salt Lake 
Ci ty. Ut. 
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W hen the cathe ter was inserted on the day before su rge ry, the 
catheter was fi lled with concentrated hepa rin , dead-ended a nd 
ta ped to the patient's arm , a fte r which he was returned to his room. 
The patients were completely ambulatory and had only minor activ-
ity restrictions (e.g., a p last ic bag over the a rea during showers). On 
the patient 's arri val a t the su rgical suite or intensive-care unit , the 
catheter was reconnected to the transducer-flush system , and m oni-
toring begun. 
Study Protocol 
The ca the ter insertion site was inspected by a m ember of the 
study team eve ry second day a ft er insertion for signs of infect ion or 
hema toma, and the dressing was changed as needed. Time of each 
blood gas sample taken through the ca theter was recorded . When 
the cathe ter was rem oved , the time and da te of removal, the reason 
for rem oval and the presence or a bsence of radia l pulse " ·ere re-
corded. The site was inspected by a member of the study team for 
evidence of loca l infec tion. Subsequently, t he pa t ient was examined 
(one to three days a ft er removal of the ca theter ) by the nursing clini-
cal co-ordina tor , and evidence of loca l infection or hem a toma , pres -
ence of radia l pu lse and pa in in the hand or wrist were noted. For 280 
pa t ients, just before discha rge, a Doppler ul trasonic fl owmeter was 
used to classify the characteristics of a rter ia l fl ow. 
In 200 unselected cases, a study-team member cut off the dista l 2 
to 3 em of the catheter with sterile scissors when the cathe ter was re-
moved and cultured the catheter tip in a tube conta ining 10 m l of 
ste ri le trypticase soy brot h . C ultu res were processed according to 
sta ndard aerobic b ac teriologic technics and were he ld for seven 
days before being considered negati ve. 
The hospita l record of each pat ient was reviewed for evidence of 
positi ve b lood cu ltures a nd use of sys temic antimicrobia l agents. 
Cathet er-tip cultures were not obta ined from any of the 38 pa tients 
who died , but the hospita l records were rece ived by one of us 
(J.P.B. ). 
R ESULTS 
The great majority (495) of the catheters were insert-
ed in p a t ients on a single ca rdiothoracic service, and 
the remainder ( 41) in p a tients on a general-surgery ser-
vice. M ean age of the patients was 55 years . T here were 
371 males and 165 fema les. Catheters were in p lace for 
an average of 3.4 days, with a maximum of 25 days 
(Table I ). An average of 5.4 b lood gas samples per pa-
tient were obtained , with one patient having 56 sam-
ples drawn. 
Percutaneous Insertion 
All 53 1 patients had adequate flow in both radi a l 
and ulnar arteries. Insertion time appeared to b e a 
measure of the simplicity of insertion : average inser-
tion time was only 2.8 minutes, with the most frequent 
du ra tion being only one m inute. There was a very high 
success rate (91.8 per cent) of insertion into the radial 
artery of choice. An additional 6. 7 per cent of the 
catheters were inserted a t a second site, and 1.5 per cent 
required insertion at a third site (brachial or femora l) 
and a few by cutdown (0.8 per cent ). 
In 16 (2.9 per cent) of the patients the catheter could 
not be advanced centrally to the subcla vian artery. 
Only one p a tient had an acute reaction to the insertion 
procedure: bradycardia and hypotension , for which he 
was given atropine, with subsequent recovery without 
complication. 
In-Use Complications 
In no case was there bleed ing reqmrmg catheter 
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Figure 2. Schematic Diagram of Arterial Catheter, Transducer and Continuous Flush System. 
mately 10 per cent of the patients, some of whom were 
receiving anticoagulants, it was necessary to "sand-
bag" the insertion site in addition to applying the elas-
tic pressure dressing to prevent clinically important he-
matoma. The rate of hematoma after removal of the 
cath eters was 9.3 per cent (50 patients). None of the he-
matomas required surgical attention, and all patients 
recovered without complication . In one patient the 
Table 1. Relevant Features of the Study Population . 
FEATURE 
Cl inical: 
Patient age (yr) 
Insertion tim e (min) 
Duration of catheterization 
(days) 
Blood gas sam pies (no./ 
patient) 
Insertion success rate: 
1st si te 
2d site 
3d site 
Site of entry: 




Cutdown - total: 
Radial artery 
Femoral artery 
AVERAGE MODE MINlMU~I MAXIMU~I 
55.3 59 16 9 1 
2.8 l l 30 
3.4 3 I 25 













catheter was sheared off while the needle was m 
the artery, and surgical removal was required, with-
out complication, at the time of scheduled opera-
tion . 
Over the nine-month period only five of the 536 
catheters became nonfunctional - three because of 
clotting and two because they became severely kinked 
and were severed at the transducer connection. 
During the stud y none of the following complica-
tions sometimes seen with monitoring arterial catheters 
were observed: arterial dissection; evidence of trauma 
to the nerves of the hand or wrist; or excessive bleeding 
which required transfusion, surgical intervention or 
medication. In addition, no cases of cerebrovascular 
accidents were observed that were considered due to 
the arterial catheter. 
Three (0.56 per cent) of the 531 patients required 
thrombectomies of the radial, ulnar or brachial artery 
as a result of complete arterial occlusion. In addition, 
three other patients (not in the study group) during the 
past 21/z years have required thrombectomies subse-
quent to arterial catheterization. Five of these six pa-
tients had the following in common: catheter in place 
six or more days; hypotension; and administration of 
vasoactive agents, with severe peripheral vasoconstric-
tion. 
On the basis of these observations, our protocol now 
requires that patients with these risk factors be re-
viewed after five days. If the risk of arterial occlusion is 
offset by the value of the clinical data provided, the 
catheter is left in place, or an alternate site (femoral ar-
tery) may be selected. Since implementation of this 
protocol , no thrombectomies have been required in 
615 catheterizations. 
Follow-up study of 280 insertions with use of a 
Doppler ultrasonic flowmeter yielded detectable flow 
reduction in the radial artery in 19.3 per cent (Table 2). 
Flow was absent in 1.8 per cent, measurable proximal 
or distal to the insertion site in 4.6 per cent, diminished 
in 12.9 per cent and normal in 80.7 per cent of the 
cases. 
An unexpected observation was made by follow-up 
examination of radial-artery flow at the unsuccessful 
site in patients when a second insertion site was used. 
Typically, three or four insertion attempts were made 
at the first site before the operator resorted to the oppo-
site arm. Measurement of flow at the unsuccessful site 
with use of the ultrasonic flowmeter showed a high rate 
of diminished flow. The flow measurements were made 
several days after the artery was traumatized but not 
entered by the catheter. This observation has resulted 
Table 2. Summary of Arterial Occlusions. 
Complete (536 insertions) 
Partial (Doppler study. 280 insertions): 
Radial flow absent 
Radial ftow measurable proximal 
or distal to in sertion site 











in a procedural change requiring immediate success or 
a cessation of probing during catheter insertion. This 
finding could be important for patients who require 
multiple punctures for blood gas sampling where a 
similar traumatization could occur. 
Bacterial Colonization and Infection 
Catheter tip cultures were positive in eight ( 4 per 
cent) of 200 patients. The micro-organisms recovered 
were Staphylococcus epidermidis (two cases) , yeast (three), 
serratia (one), micrococcus (one), and bacillus species 
(one). None were judged to be clinically serious, al-
though in one case yeast was isolated from a blood cul-
ture obtained before the arterial catheter was placed, 
and later from a central-venous-catheter tip as well as 
the arterial catheter. In another, sputum cultures, as 
well as the arterial catheter tip, yielded serratia. No al -
terations in clinical care were made as a result of the 
positive-culture reports in any of these cases. Virtually 
a ll the patients in the study were receiving systemic an-
timicrobial agents during the period of arterial cathe-
terization. The average duration of catheterization in 
those with positive cultures was 5.9 days (vs. 3.7-day 
average), and seven of the eight patients had arterial 
lines in place for more than 48 hours. 
6 
None of the patients had evidence of local infection 
or cellulitis at the site of catheter placement. 
Catheter-tip cultures were not obtained from 38 pa-
tients who died while the catheters were in use. Review 
of these hospital records showed that the arterial ca the-
ters could not be definitely associated with either local 
or systemic infection in any case and only possibly asso-
ciated in two cases. Eight deaths occurred during oper-
ative procedures, and an additional 10 occurred less 
than 24 hours after catheter placement. A greater pro-
portion of those patients who died were cared for in the 
general-surgery intensive-care unit, and their mean 
age was slightly older (58 years), but the average dura-
tion of catheterization (3.1 days) was similar to that of 
those in whom culture was performed. 
DISCUSSION 
Central arterial catheterization permits beat-by-
beat oscilloscopic display of the pulse contour for 
determination of blood pressure and heart rate. With 
the pulse-contour technic developed by Warner, t"- 14 
beat-by-beat determinations of stroke vo lume c~n be 
made. 
The major complication of arterial cannulation for 
direct arterial-pressure monitoring is thrombus forma-
tion. Recent studies' indicate that smaller catheter size, 
relative to the artery, is associated with a lower risk of 
thrombus formation. The rate of complete and partial 
thrombosis in our patients ( 19.3 per cent) is lower than 
previously reported. We attribute this lower figure to 
use of a small untapered Teflon catheter (1 mm O.D.), 
simple, atraumatic catheter insertion technic, and use 
of a continuous flush system for keeping the catheter 
tip thrombus free. No amputations have been required 
as a result of radial-artery cannulation in more than 
4000 catheter placements at our hospital. 
Our results have shown that the following patients 
are prime candidates for thrombosis : those who are hy-
potensive; those receiving vasoactive agents, causing 
peripheral artery constriction; and those with a dura-
tion of catheterization of more than one week. 
The high success rate of the catheterization proce-
dure may be attributed to preoperative insertion of 
most of the catheters under optimal conditions; inser-
tion by a skilled nurse technician who maintains her 
expertise by daily catheter insertion; and a simplified 
catheter introduction system. 
The continuous-flush system permitted long-term 
monitoring, with a minimal occurrence of catheter-
function loss. All catheter flushing was from a 300 mm 
Hg air-free pressure system, thereby minimizing up-
stream flow from the catheter and preventing air em-
bolism or cerebrovascular accidents. Quality of the 
catheter-transducer system was easily and quickly 
checked with the flush valve. 
Although we were unable to document any clinical 
infections - either local or systemic - that could be 
attributed to radial -artery catheterization, our re-
sults suggest that arterial catheters should be con-
sidered to present risks of infection similar to those of 
venous catheters. Serious local infection at the site of 
arteriotomy has been reported in adult patients, 15 and 
no difference was found in the rates of contamination of 
arterial versus venous umbilical catheters in infants."; 
T!J.e rate of bacterial colonization of percutaneous 
venous catheters has been reported to vary from 3.8 
per cent in hospitals with speciall y trained intravenous 
therapy teams to 34 per cent in a large general hospital 
without a special team. 17 - 19 It appears likely that 
meticulous technic and optimal daily care may reduce 
the rate of colonization. The fact that the vast 
majority of the arterial placements reported here were 
performed by one person under optimal conditions 
with use of a well designed disposable catheter system 
may have contributed to the low colonization rate 
found . 
Other factors that may have contributed to the low 
rate of serious infections include the fact that the ma-
jority of these catheters were used for immunologically 
healthy patients undergoing major surgery, the exten-
sive use of prophylactic systemic antimicrobial agents, 
and the small size of the catheters employed, as well as 
the peripheral direction of blood flow. 
Nonetheless, the finding that the duration of cathe-
terization was longer in those with positive cultures, as 
well as the recovery of the same organisms from other 
sites in two of the eight patients with positive cultures, 
suggests that arterial catheterization may be a source 
of infection. 
Arterial catheters should be removed as soon as they 
are no longer necessary; the catheter site probably 
should be changed, and the catheter tip cultured, in 
patients who require further monitoring during an in-
fective episode - as has been recommended for venous 
catheters. zo. 2 1 
Central arterial monitoring catheters can be quickly 
inserted percutaneously into the radial artery with a 
high success rate and with an acceptable risk of serious 
complications. The large number of arterial catheteri-
zations currently performed each year at our hospital 
indicates the success and reliability of our technic. 
W e are indebted to the thoracic surgeons who e ncouraged the 
stud y, to Dr. G ilbert Hill for the bacte rio logic studies, to Mrs. 
Margen e Withers, R.N., for patie nt follow-up observation a nd to 
Miss M ary Ann Christen se n fo r technical assistance . 
REFERENCES 
I. Mortensen JD: Clinica l sequel ae from arterial needle puncture. cannu-
lation, and incis ion. Circulation 35:11 18-1123, 1967 
2. Nej ad MS, Kl aper MA. Steggerda FR, et a l: Clotting on th e outer sur-
faces of vascular catheters. Radiology 91:248-250. 1968 
3. Brown AE, Sweeney DB, Lumley J: Percutaneous radial artery cannula-
tion . Anaesth esia 24:532-536 , 1969 
4. Samaan HA: The hazards of radial art ery pressu re monitoring. J Ca rdi a-
vase Surg 12:342-347. 1971 
5. Ba rtlett RH, Munster AM : An improved technic for prolonged a rterial 
cannulation. N Eng! J Med 279:92-93. 1968 
6. Bedford RF. Wollman H: Complica tions of percutaneous radial-artery 
cannu lation: a n objectiv e prospective study in man. Anesthesiology 
38:228-236. 1973 
7. Downs JB . Rackstein AD, Klein EF Jr, et al: Hazards of radi al-artery 
cath eteriza tion. Anesthesiology 38:283-286. 1973 
8. T ooley WH : What is the risk of a n umbilical artery catheter? Pediatrics 
50: 1-2, 1972 
9. Allen EV: Thromboangiitis obliterans: methods of di agnosis of chronic 
occlusive arterial lesions dista l to the wrist with illustra tive cases. Am J 
Med Sci 178:237-244. 1929 
10. Gardner RM , Warn er HR, Toronto AF. et al: Catheter-flush system for 
continuous monitoring of central arterial pul se waveform. J Appl Phys-
iol 29:9 11 -9 13, 1970 
II. Lowenstein E, Little JW Ill. Lo HH : Prevention of ce rebral emboliza-
tion from flushin g radial-artery cannu las. N Eng! J Med 285:14 14-141 5. 
1971 
1·2. Warner HR : Experiences with computer-based pa tient monitoring. 
Anesth Ana lg (Cleve) 47:453-462, 1968 
13. Warn erHR, Gardner RM. Toronto AF: Comput er-based monitoring of 
cardiovascula r functions in postoperative patients. Circul a tion 37: Suppl 
2:68-74. 1968 
14. Graves CL. Sta uffer WM, Klein RL, eta! : Aortic pul se contour ca lcula-
tion of cardiac output. Anesthesio logy 29:580-584. 1968 
15. Campion BC, Frye RL, Pluth JR, et al: Arterial complications of retro-
grade brachi al a rterial catheteriza tion: a prospecti ve study. Mayo Clin 
Proc 46:589-592, 1971 
16. Kra uss AN, Albert RF, Kannan MM: Contamination of umbilical 
catheters in the newborn infant. J Pediatr 77:965-969, 1970 
17. F uchs PC: Indwelling intravenous polyet hy lene ca theters: factors in-
flu encing th e risk of microbial colon ization and se psis. JAMA 216: 1447-
1450, 1971 
18. Zinner SH. Denny-Brown BC. Braun P. et a l: Risk of infection with in-
travenous indwe lling cat heters: effect of application of a ntibi o tic oint-
ment. J In fect Dis 120:616-619. 1969 
19. Corso JA. Agostinelli R, Brandriss MW: Maintenance o f venous poly-
ethy lene catheters to reduce risk of infection. JAMA 210:2075-2077, 
1969 
20. Co ntrol of inJections from intravenous infusions. Med Lett Drugs Thcr 
15: 105-107, 1973 
21. Maki DG, Goldmann DA, Rham e FS: Infection control in intravenous 
therapy. Ann Intern Med 79 :867-887. 1973 
BACKGROUND READING 
References 6. 7 and 21 
Copyright, 1974, by the Massachusetts Medical Society 
Printed in the U .S.A. 
